INTEGRALLY FORMED RECTIFIER FOR INTERNAL 
ALTERNATOR REGULATOR (lAR) STYLE ALTERNATOR 



Field of the Invention 

This invention relates to rectifiers used in 
alternators of automobiles, and more particularly, this 
invention relates to a rectifier having an improved 
heat dissipation and cooling ability for use with 
Internal Alternator Regulator (lAR) style alternators. 

Background of the Invention 

Most automotive systems use the automobile 
engine to drive an alternator via a belt transmission 
or similar driving transmission that rotates a drive 
shaft of the alternator, which includes a rotor coil 
where a magnetic field is generated. A stator is 
positioned about the rotor coil and positioned in the 
magnetic field. The stator windings are wound about 
stator laminations in typically a three-phase 
configuration. As the engine drives the belt 
transmission, the alternator drive shaft rotates and an 
electric current is induced in the stator windings. 

In these types of automotive alternator 
systems, the alternating current induced in the stator 
windings is converted to a direct current by a 
rectifier that is electrically connected to the stator 
windings. In many prior art alternator designs, 
including an lAR style alternator, an internal or 
integrated alternator/regulator is positioned in the 



alternator housing, such as disclosed in U.S. Patent 
Nos. 6,252,320; 6,140,722; 5,821,674; and 6,107,710. 

The '722 and '320 patents disclose a prior art 
rectifier having a thin, negative heat sink plate and a 
5 positive connector plate positioned on the negative 
heat sink plate. A housing cover extends over the 
negative heat sink plate. Negative diodes are 
positioned on the negative heat sink plate. Positive 
diodes are positioned on the positive connector plate. 

10 The cover carries various terminals and connects to a 
B+ post secured typically by soldering to the positive 
connector plate. 

An improvement over that type of prior art 
rectifier design is disclosed in the '722 and *320 

15 patents by using first and second diode mounting plates 
that define negative and positive heat sinks. Openings 
are formed in each plate and dimensioned to receive a 
diode in a press fit relationship. A connector housing 
includes a connector box having a recess to receive a 

20 wiring harness, a B+ post, and other components used 
for AC power rectification . 

Other rectifier designs, such as disclosed in 
the '674 patent, also include a negative and positive 
heat sink plate. Some prior art rectifier designs use 

25 more substantial negative and positive heat sink plates 
having greater mass to enable heat transfer. A gasket 
separates the positive and negative heat sink plates. 
Some of these rectifiers use multiple heat sink plates 
and separate components for both the positive and 

30 negative heat sink plates. Other prior art rectifiers 
use complicated lead integument connectors or a 
connector for connecting rectifier diode circuits and 
other circuit components to a wiring harness. 

Many of these prior art rectifiers do not 

35 provide sufficient thermal mass for allowing heat 



transfer from the diodes and through the rectifier, and 
thus, the diodes often fail in operation. Also, the 
separate negative and positive heat sink plates in some 
designs require additional manufacturing steps that 
5 increase assembly time and costs. The use of a B+ post 
for battery connection may also require a separate 
soldering step to secure the B+ post onto a heat sink 
and another solder connection for a lateral terminal 
connector to the post. This also adds increased cost 

10 and assembly steps. 

Some prior art rectifiers increase the size 
of the negative heat sink plate to enhance heat 
conduction from the diodes, through the heat sink 
plate, and to the alternator body on which the 

15 rectifier is mounted. Usually, a dielectric is plasma 
sprayed on the heat sink plate. An example is aluminum 
oxide. It is applied onto the negative heat sink 
plate- A layer of copper or other metallic material is 
applied onto the aluminum oxide to form an electrically 

20 insulated layer on which positive diodes can be placed. 
Various terminals interconnect the positive and 
negative diodes in a typical bridge rectifier 
arrangement, which is then interconnected to a 
connector housing that allows a wiring harness to be 

25 connected thereto. 

Although the larger heat sink plates supply 
some additional cooling capacity, the positive diodes 
do not transfer heat adequately in that type of system. 



3 0 SiiTnmarv of t:he Invent:ion 

It is therefore an object of the present 
invention to provide a rectifier that overcomes the 
drawbacks of the prior art as noted above. 

It is yet another object of the present 
35 invention to provide a rectifier for an internal 



alternator regulator (lAR) style alternator that has 
improved heat sink capability and can be formed as a 
one-piece construction • 

The rectifier of the present invention is 
5 preferably used for an lAR style alternator and 

includes an integrally formed rectifier body having a 
ground engaging surface that mounts within the 
alternator and is grounded through the automotive 
grounding system. A diode receiving cavity is formed 

10 opposite the ground engaging surface. By ground 

engaging surface, it is meant that the rectifier body 
is grounded via the grounding system of the automobile, 
such as through the alternator body or other means. A 
diode receiving cavity is formed opposite the ground 

15 engaging surface. A plurality of negative diodes are 
secured within the diode receiving cavity and grounded 
thereto. An insulated conductive substrate is 
positioned in the diode receiving cavity and has a 
conductive surface that is insulated from the rectifier 

20 body and the negative diodes secured thereto. A 
plurality of positive diodes are secured on the 
insulated conductive substrate. A terminal connector 
interconnects the negative and positive diodes in an 
electrical rectifying configuration, such as a bridge 

25 configuration. 

In one aspect of the present invention, the 
insulated conductive substrate is formed as a 
dielectric layer having a circuit layer positioned 
thereon on which the positive diodes are secured. A 

30 metal base layer can be secured on the dielectric layer 
opposite the circuit layer. In yet another aspect of 
the present invention, the insulated conductive 
substrate is formed as a fiberglass reinforced bond ply 
material having a metal layer on both sides. Each 



metal layer comprises a copper layer in one preferred 

aspect of the present invention. 

A capacitor is secured within the diode 

receiving cavity and operatively connected to the 
5 negative diodes and positive diodes. An epoxy filler 

is disposed within the diode receiving cavity and 

covers the diodes to protect and insulate same. 

Cooling fins are formed on the rectifier body to aid in 

heat transfer. 
10 In yet another aspect of the present 

invention, a connector housing connects to the terminal 

connectors and has a connection for connecting to a 

wiring harness. A terminal connector is secured to the 

insulated conductive substrate and has a terminal that 
15 connects to a wiring harness. This terminal connector 

can include dual terminals that connect to a wiring 

harness. 

In yet another aspect of the present 
invention, the rectifier body is formed from cast 

20 aluminum, but can be formed from other metallic and 

electrically conductive materials as suggested by those 
skilled in the art. 

A method of forming a rectifier for an lAR 
style alternator is also disclosed. In the method of 

25 the present invention as a non-limiting example, the 
steps include the step of securing an insulative 
conductive substrate within a diode receiving cavity of 
an integrally formed rectifier body having a ground 
engaging surface opposite the diode receiving cavity. 

30 The ground engaging surface mounts within an alternator 
and is grounded through an automotive grounding system. 
The leads are positive and negative diodes and inserted 
within a terminal connector that interconnects same. 
The interconnected positive and negative diodes are 

35 inserted within the diode receiving cavity such that 



negative diodes engage the rectifier body and are 
grounded thereto. Positive diodes engage the insulated 
conductive substrate . 

In yet another method aspect of the present 
5 invention, the method includes the step of securing the 
negative and positive electrodes within the diode 
receiving cavity by applying solder paste to the 
rectifier body within the diode receiving cavity and 
onto the insulated conductive substrate and securing 

10 the negative and positive diodes thereto. A capacitor 
can be secured within the diode receiving cavity such 
that the capacitor is operatively connected to the 
negative and positive diodes. 

The method also includes the step of filling 

15 the diode receiving cavity with an epoxy filler after 
the diodes are secured therein. The method also 
includes the step of reflow soldering the rectifier in 
a solder oven for final assembly. A connector housing 
is inserted over the terminal connector and includes a 

20 connection for receiving a wiring harness and 

establishing electrical contact with the terminal 
connector. The method also includes the step of 
securing a terminal connector to the insulated 
conductor substrate and having a terminal for 

25 connecting to the wiring harness - 



Brief Description of the Drawings 

Other objects, features and advantages of the 
present invention will become apparent from the 
30 detailed description of the invention which follows, 
when considered in light of the accompanying drawings 
in which: 

FIG. 1 is an isometric view of an assembled 
rectifier of the present invention and showing the 
35 integrally formed rectifier body, a terminal connector 



extending upward from the positive and negative diodes 
that are received within the diode receiving cavity 
(not shown) , and the connector housing secured to the 
rectifier body and receiving the terminal connector for 
5 connecting a wiring harness - 

FIG. 2 is a top plan view of the rectifier 
shown in FIG. 1. 

FIG. 3 is a front elevation view of the 
rectifier shown in FIG. 1 and looking into the 
10 connector housing at terminal connectors that receive 
and connect a wiring harness. 

FIG* 4 is a fragmentary plan view similar to 
the plan view of FIG. 2, but showing negative and 
positive diodes, the insulated conductive substrate on 
15 which positive diodes are secured, and terminal 
connectors . 

FIG. 5 is another front elevation view 
similar to FIG. 3, but showing the diodes and terminal 
connectors, and an alignment bar that is later broken 
20 during assembly. 

FIG. 6 is a fragmentary, side sectional view 
taken generally along line 6-6 of FIG. 5 and showing 
the diodes, terminal connectors and connector housing. 

FIG. 7 is a fragmentary, front sectional view 
25 of the integrally formed rectifier body shown without 
diodes and other components, generally taken along line 
7-7 of FIG. 4. 

FIG. 8 is a plan view of the insulated 
conductive substrate shown generally in FIG. 4. 
30 FIG. 9 is a sectional view of the substrate 

taken along line 9-9 of FIGS. 8 and 4 showing the 
middle, dielectric layers and outer metal layers - 

FIGS. 10-12 are respective end, top and front 
views of a terminal connector of the present invention 



that is used to interconnect positive and negative 
diodes . 

FIGS. 13-15 are respective side, top and 
front views of a terminal connector that is secured 
5 onto the insulated conductive substrate for a B+ 
connection. 

FIGS. 16-31 are views of the rectifier of the 
present invention in various stages of assembly showing 
examples of the types of steps used in making the 
10 rectifier- 

Detailed Description of tJie Preferred Embodimen-bs 

The present invention will now be described 
more fully hereinafter with reference to the 

15 accompanying drawings ^ in which preferred embodiments 
of the invention are shown. This invention may, 
however, be embodied in many different forms and should 
not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided 

20 so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like 
elements throughout . 

The present invention is advantageous over 

25 prior art lAR and similar rectifiers. It is a novel 
and unobvious one-piece, die-cast construction formed 
as a thickened heat sink with triple the cooling 
surface of many prior art devices. It has a thermally 
conductive component encapsulation and uses heavy duty 

30 200 volt dish diodes known to those skilled in the art, 
allowing enhanced endurance and quality. Typical 
bridge rectifiers of the prior art have been notorious 
as a weak link in second generator alternator designs, 
for example as used in the internal alternator 

35 regulator (lAR) style alternator for Ford motor vehicle 



and similar designs. In the usual prior art stock 
rectifier components and rectifiers^ a small cooling 
surface almost guarantees premature diode and other 
component failure when installed in quality rebuilt 
5 units having high output at a low RPM. 

The rectifier of the present invention, 
however, has an expanded surface area and heavy duty 
broad-based dish diodes with thermally conductive 
encapsulation and a high temperature BBS receptacle and 

10 precision fit terminals to provide a standard footprint 
rectifier for use in automotive JAR alternators. 

FIG. 1 is an isometric view of the assembled 
rectifier 50, which includes an integrally formed 
rectifier body 52 having a planar configured ground 

15 engaging surface 54 that mounts within an alternator 
body (not shown) and is grounded through an automotive 
grounding system. The alternator is typically an 
internal alternator regulator (lAR) . As shown in FIGS. 
1-7, the integrally formed rectifier body 52 is formed 

20 as a metallic rectifier body, for example, from a 

die-cast aluminum or similar material. It includes an 
outer cooling surface 56. The planar configured ground 
engaging surface 54 mounts to the interior surface of 
the alternator at the usual mounting location for these 

25 types of internal rectifiers. The rectifier body 52 is 
die-cast into the required shape for fitting within the 
proper mounting location of the alternator. The flat 
ground engaging surface 54 also provides an enhanced 
heat sink surface and includes four fastener tabs 58 or 

30 appendages similar to bosses, each having holes that 
receive screws or other fasteners for attaching the 
rectifier body 52 onto the internal surface of the 
vehicle alternator. 
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The footprint of the rectifier body 52 is 
substantially curved (concave) at front and rear sides 
to account for the curvature of the alternator design. 
The rectifier body 52 includes parallel sides, and the 
5 concave (or curved) front and rear sides. Those outer 
cooling surfaces 56 not containing the fastener tabs 58 
have formed cooling fins 60 to allow any air blowing 
through the alternator to enhance the cooling effect of 
the design by increasing the effective surface area 

10 exposed to the blowing air. 

As shown in FIGS. 6 and 7, the rectifier body 
52 includes a stepped down portion 62 that receives a 
connector housing 64 having a top surface 64a that is 
substantially flush with the top surface of an upper 

15 shoulder portion 66 of the rectifier body. A 

substantially rectangular configured diode receiving 
cavity 68 is formed within the rectifier body 52 
opposite the ground engaging surface as shown in FIGS. 
6 and 7 . 

20 Negative diodes 70 are secured within the 

diode receiving cavity 68 adjacent the front edge of 
the cavity and are grounded thereto. A rectangular 
configured, insulated conductive substrate 72 is 
positioned in the diode receiving cavity 68 adjacent 

25 the rear edge and has a conductive surface 74 that is 
insulated from both the rectifier body and the negative 
diodes secured thereto. Positive diodes 76 are secured 
on the insulated conductive substrate 72. In one 
non-limiting aspect of the invention, the insulated 

30 conductive substrate 72 is formed as a dielectric layer 
78 and a circuit layer thereon and forms the conductive 
surface 74 on which the positive diodes 76 are secured. 
The substrate includes a metal base layer 80 secured on 
the dielectric layer 78 opposite the circuit layer 



-11- 

forming the conductive surface 74. The metal base 
layer 80 and conductive surface 74 can be copper layers 
or other materials suggested by those skilled in the 
art . 

5 An example of the type of material that could 

be used for the conductive substrate is a copper clad 
insulated metal substrate sold under the designation 
"Thermal Clad" as manufactured by the Bergquist 
Company^ formed as a fiberglass reinforced bond ply 

10 material having a metal layer on both sides ^ such as a 
copper cladding. For example, a four ounce copper 
layer could be formed on both sides of a fiberglass 
reinforced bond ply. As examples, a 0.13 millimeter 
thick copper could be applied on a 0.15 millimeter 

15 thick fiberglass reinforced bond ply layer. A 1.5 
millimeter spacing can exist between top layers and 
0.25 millimeter spacing could exist between the bottom 
layers . 

FIGS. 10-12 show respective end, top and 
20 front views of an example of a terminal connector 82 
that can be used in the present invention for 
interconnecting the positive and negative diodes. The 
terminal connector 82 can be formed from brass or 
similar material about 0.80 thick having an 
25 electrolytic nickel as a plating layer that is about 
0.1 through 0.3 mil thick, as a non-limiting example. 
As illustrated, the terminal connector 82 includes 
three substantially L-shaped leg members 84 that are 
interconnected at an upper portion of each leg. An 
3 0 alignment bar 86 that interconnects the leg member 

(later broken off after assembly) aids in aligning the 
terminal connector during assembly. One of the leg 
members at an end includes an upstanding terminal blade 
88. The use of the terminal connectors shown in FIGS. 
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10-12 and the assembly process will be described below 
relative to FIGS. 16-31. 

Another terminal connector 90 that 
substitutes as a B+ post of prior art designs is shown 
5 in FIGS. 13-15, illustrating respective side, top and 
front views of the terminal connector. As illustrated, 
this terminal connector 90 includes a foot member 92 to 
allow the end having the foot member 92 to be soldered 
onto the insulated conductive substrate 72, as shown in 

10 FIGS. 4 and 6. An upstanding conductor leg 94 splits 
into dual terminals 96 that connect a wiring harness 
(not shown) . As shown in FIGS. 1-6, a connector 
housing 98 is secured to the rectifier body 52 and 
receives the dual terminals 96 from the terminal 

15 connector acting as a B+ post. The terminal blade 88 
of the terminal connector 82 connects the positive and 
negative diodes 70, 76. 

An epoxy filler 100 is inserted into the 
remainder of the diode receiving cavity once all 

20 components have been assembled and reflow soldered 

within a reflow soldering oven, as will be explained 
below. After assembly, the alignment bar 86 is broken 
to form the individual terminals that extend upward 
from the rectifier as shown in FIG. 1. 

25 Referring now to FIGS. 16-31, a sequence of 

steps is illustrated for assembling the rectifier 50 of 
the present invention. Typically, a limited amount of 
equipment is necessary for assembling the rectifier of 
the present invention. A soldering iron, reflow oven, 

30 tweezers, assembly fixture for holding the various 

components, and an epoxy dispense station are required. 

The description as provided is an exemplary 
method of steps that can be used for the final assembly 
of the rectifier of the present invention. Naturally, 
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other steps as suggested by those skilled in the art 
can be provided. A first step could be a manual diode 
modification where positive diode leads are cut to 
about 10.1 millimeters using a positive diode fixture 
5 (not shown), as known to those skilled in the art. 
Negative diode leads can be cut to about 8.6 
millimeters using a negative diode fixture (not shown) . 

As shown in FIG. 16, solder paste 102 is 
added to the interior surface of the diode receiving 

10 cavity 69 in two opposed places near the rear edge. 
The insulated conductive substrate 72 is placed onto 
the solder paste such that the lower, i.e., smaller 
surface of the copper layer, forming the upper 
conductive layer or surface 74 shown in FIG. 9 faces 

15 up, as shown in FIG. 17. As shown in FIG. 18, the 

solder paste 102 is added onto the insulated conductive 
substrate 72 and onto the remaining, exposed surface of 
the diode receiving cavity 68, as shown in FIG. 18. 

As shown in FIG. 19, the leads of positive 

20 diodes 76 are inserted into the diode terminal 

connector 82 in three positive diode lead receiving 
holes 82a. As shown in FIG. 20, the lead for the 
positive diode is longer than that of the negative 
diode. The lead of each negative diode 70 is inserted 

25 into the diode receiving holes 72b of the terminal 
connector, as shown in FIG. 21. 

As shown in FIG. 22, the diodes and terminal 
connector are carefully placed into the diode receiving 
cavity such that the diodes are set into the solder 

30 paste 102. The positive diodes are positioned on the 
insulated conductive substrate and the negative diodes 
are secured against the interior surface of the diode 
receiving cavity. 
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As shown in FIG. 23, a capacitor 110 is 
secured by its capacitor leads 110a onto the solder 
paste, shown in FIG. 18. The capacitor retains charge 
during rectification of current and acts as a filter 
circuit, as known to those skilled in the art. 

As shown in FIG. 24, the terminal connector 
90 acting as a B+ post is inserted such that its foot 
member 92 is positioned on the remaining solder paste. 
Solder paste 102 is added onto the diode terminal 
interfaces, capacitor leads and on top of the tab, as 
shown in FIG. 25. 

A terminal setting fixture 112 is slid over 
the dual terminals 96 and terminal blade 88 as shown in 
FIG. 26. While holding the terminal setting fixture, 
the connector housing 98 is slid onto the terminals, as 
shown in FIG. 27. A slide pin 114 that is used to hold 
the various pieces together is slid into the terminal 
setting fixture 112 as shown in FIG. 28. A flat bar 
116 is inserted between the connectors and terminals as 
shown in FIG. 29. When all components are positioned 
correctly and rechecked for accuracy, and all parts are 
seated correctly in the solder paste, the assembly is 
placed into a reflow high temperature solder oven (not 
shown) . Once reflow soldering occurs, the alignment 
bar 86 that aided the alignment of the terminals is 
broken. The assembly is tested and once it has passed 
testing, the epoxy filter 100 is inserted into the 
remaining portion of the diode receiving cavity. 

It is evident that the method of the present 
invention facilitates easy assembly with a limited 
number of equipment parts and assembly steps and 
produces a rectifier that is sufficient and has 
excellent heat exchange between the diodes, rectifier 
body, alternator body, and automotive components. 
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Many modifications and other embodiments of 
the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented 
in the foregoing descriptions and the associated 
5 drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that the modifications and 
embodiments are intended to be included within the 
scope of the dependent claims. 



